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COHERENT ANT1-STOKES WAN SPECTROSCOPY OF

S. C. Schmidt, D. S, Moore, M. S. Shaw, ud J. D. Johnson

SHOCK-COMPRESSED LIQUID OXYGEN*

k Aluna National Laboratory, k AlurIa, New Mexko 87545 USA

Vibrational s~tra of liquid oxygen, shock cam- to mvaml high-prumro/h~-tam~rature stata, werw
obtained ~ dngl+puk mUh,ipkI coharant aat.i+toh F&mm scatkmi.ng(CKfM). The qkrnenh.! qmctra
vum compared to synthetk spectra cakulabd ~ing 4 wakkke.1 nmdoi for tho CARS Munsitk and kt
St vibra~al hqumcim, peak Raman ●uoptibilhla, aad hmaa Enewkhh. Up to tho maximum shoci
pmUN d 9.6 CPA the vibratiorml frequenek wuw found to ~ rnoaotonkally with p-me. An
anpi.rkal llt, which could k tmd M s prnu@acnpuut@req~ calibrakt ctandud, showed thst the
k frqumcy shifts could b MCUT8~ ddhd IV ILn8ar P-UN d kmperature dependencuo Above
@ GP~ the liquid oxygen opacity ●t 622.8 nm increassd rapidly, pruumdly baawe d prdmity (collbion)-
Lnducd ho@km. Ctitiorw .hcmcl that the indeed a~tion dld aot rwnantly anlwxe the CARS
S~tra, but did attanuata tho k baarm and & CARS dgnak.

1. INTRODUCTION
Tha behavior d S&@ mokdar fidda ●t high

preauro and &ampcra*w b of cmddamble hard

kmm d th impormlco of the flulde in tlw plan-
BWYicknca, in chemkal cxplai= technow, and
~orobtdning funkantal undamtanding of Later-and
uItr~molaulu forca and ●nergy trmfa maha-
nbma. Hletorkally, quatlopd+tlta and cnefgy
lranahr phenomanology hww bti detamhmd born
bydrodynamk and thermodynamic moesurawnts
Iuch ae shocb-Hu@ot data. heady, m demon-
ltr-M that Itis pmelble, uelng coherent anti-Stok
Rmnan Sputroecopy (CARS), to obta!n mlcrouopic
Idormstion ●bout moluulu rdtrog.n in th. high-
Iempwtun dew Md shk’” Tha ruulte cup
port MN tho mkmcopk notione ammed in pment
nitrogen qustlon+f-ata~ models’-’ Includl.ns raant
mlculstions O( molecular vibrational frqumcla.’ In
this p~pu w9 rqmrt slmil~ mcuuremmits for rook=
d- qgcn.

Equation-of-atatc and tharmwlynunic dsts have
besn obteined fot txygen d pmum up to 86 GPa
md tamparsturw beyond llllCOO K using both
walk’-” and dynamic’a-~’ compraalon tdmlquam
Tha mcemremonto hava ~n complimented by cd-
:ulstions that d~rlbe tho thmmodynamic state of
iho fluld’”” and solld” phesa. Eloctronk dxorp

●ThLawork wu tupportcd by tha US Department
J( Energy,

tin and vIbratbnal stretch.iq fmquenck hwe been
IMUUrd fm aOUdTO’7-” and Uquidao aygon. Tho
pl’9Uul’Qclopondmce of the intrandadar modo f-
qu81UbU for the did JdM9 h~ h CdCUhtd U@ t

perturbation analyeLw41’23Thus am no knwn calcu-

lathxu of tho Oa vibrational fmqwncla for ths high-
tampuatum dense fluid stak The hlch-prcuaum/
high-wpuature uatu d Ihquid Oa invatlgatod in
MS study (giv.n In ‘Ihble I) wue achkwd by dyrmmlc
compradon tuhnlqua ~d th~ vlbrdord s~tra
vvm recordod using CARS. Tlw .axpulmental SPPP
ratua and d~ts ezcuracy havo ban daribed prwi-
Ou.aly.”

2. RESULTS AND DISCUSSION
Figuro 1 sham aperimantal CARS raulti ob-

tained d thra dlffment ahd conditlonc. ‘I%- opec-
tra hava been Fourlu 61taed” uelngs low-pus flltw
to recluco hlghar Fourber frequency componcnta. The
spectral Ilnu on tho kft rault from tho O-1 trwh
tlon of the shock-comprased oxygm and the katura
to tho right uc tit *1 trudtbn from s thin layer
of unshockd matarlal. Also glvm in F~. 1 an oyn-
thak sputra obtahmd ueln~ * sem.lclasaka! thmry to
detwmlnc tho CAM interulty.t’~’as

For liquid oxygmt, tha pramco of proxlmlty (col-
Iialon) Induced rnbaorption bands”-w in ho Spatral
region whero thaa CARS axpcrlmen~ wro performad
loads to the poulblllty O( .Ioctronk raonsntly -
cnhancod CA RS,a’ u WQIIu ●beorptlon of th~ pump,



Stok-, md uitLWokcm bum. Theu ~ibilitb tion of the aamd photon. W. do, hcwwar, ec.count

were invat”~stad ~ incorpordiq them into the for the effati d duorption on w,, w., and w., when

CARS calculationsof synthetic ~tra md an uopM- cdcuhthig tha CAR9 “mtudty.

a UMucca4ful sttempbcd model for ti~ AsOrptlon. The tr~it”~ f.mquancia, rath of p.d ouscepti-

to favorably comp- cdculti resulh with expari- bility to non-mnant bukground ud 11.newidtluused

mantml epatr8 mggatd tit th. proximity induced to cdculst.e tke opatra and b spectrs for the re
dxwption bade did not contribute to an dectmnic mainimq ~nts - ~van in lkble I. Besmw the

-nmt aahucanant d b CARS Cprctm= A pa- Wnpamtura obtained in tka experiments wu~ too

sibk explsmtbn fm thie behvbr h that raonanco km to produa ho~band tmndtlons of suflciant btai.

en.huicanant acun when the dipola moment rqon- sity to k redily rleibl% atkrmta of vlbratiorml tem-

sibie for aborptbn raida Ln tha tiatter”q moiaub. paratma wam not pnaiblo,’ In tba calculations, how-
Buaum for tha oxygm, tha induced absorption b s ever, w included ono hokb~d trmsition d the gM-

consequcnce cd ● A@ photon Mng split to affecttwo phw eepmtion value of 24,1 cm-l,s’ ~d at s peak
.Iatronk truuitione in two different mobcula,a”” susceptibility rdkting Boltzmun cquilitwlum popu-
it k not ckr wh- tho ●korpt.ion dipok moment Istion d the vibr~tional energy I.avab.a So thy may
raid-. In sddition, triple wnmca le prob~bly not in no way accIdontily k inta.rpmal u apdmantal
~ible bawe.a tho aborption d one photon by tlw daw th- vaiu~ ~ not listed in Table L Lnclueion d
scattering molau.le and its putner would requlra the Lhm trumhloru conllrmed that tlw skkofnpti
p~ce d a saond collision partner at preciselyh qguI dld not hwc an sbnormdly high-vibrational

rl~ht ti.roamd podtion to nmka poulbk tha _ Wnporstu.rc.

‘Tsbk L Summuy of shock conditions ~d spect~opk pua.metas. [P h prawre in GP~ # u 10-3
tima tho darmi~ in kg/m’, Tw b equation-ohtda tempamtum in K, v b shak miocity (km/0),

Wp,- Wj H the pup ~d tr-itbn frwacia (cm-’j, -P-tl-h #/x- ~ ~h~ -tio O( ~~
patk a~~ptiblllty to nonranmt background, snd I’j & the Iinuwidth (HWHM, cm-’).]

p = O.mlo
# -1.169
T - ~,4
w, - 17176,9

p - O.mlo
p = 1.169
T = 84.4
up = 17176.9

p m O.mlo
#= 1.157
T = 87.0
w, = 17176,9

p = O.mlo
p -1.172
T = 83.9
w, - 17176,9

P = OOOO1O
p = 1.169
T z 84,4
up m 15963,6

P = O.mlo
p= 1.16s
T = 8S.2
Up = 17176.9

. . . -------- --- .-
Not 15s1.3
Shocked

P = 4.8 1564.3
p = 1,~
T-.366
v m 3,M

p m 7.8 1S69,6
# -2,01
T- = 783
v = 3.09

P = 8.3 1572.0
p E 2,W
TM = all
Q = 4.09

P-9.1 1572.8
p = 2,07

T●., = 926
v = ~,n

P = Qua 1574,2
p = 2,(J9
TCom == 1013
v = 4a32

159.0

3b.o

12.6

9,4

7,0

5.7

U.115

0.6 p = 9,8 1579.3 4,0 3.2
p = 2.21
T- = 492

1,5

2.2

2,6
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Fig. ~ hnaa shift vumJ# p~~. s - Oh@o shock;
o-doubloti - Warma ●t timpurstum in X.

Ch- to M Upulnwntal dam at Mnbhnt pm
sum d W,r, qud to 1.3.073 cm-l Wu t8k8n h
~psTIMrangad**fWtho~uN

aad ~pUSh.f’9 codk’!unts D?, b otadd ~

for * edleti raultbg from tha but quua

6L ~ wtaadard ~ of t& 9t b 0.33 Cm-’. Th

AortOqmant nar8uhdats pdntlnm,g. aglvatho

dmlatd fl’qwnq duo from Eq. (1) ●t the-

●ad ~urQ -d tampuuur, and tho long c-

shou the pdtbon, & the -K, W&K, sad 1(MAK
bothcrms && Obtdmd U91ngEq. (l). Each bothcrm
kdrurncmrtiapp~ rang. of ddi& d tho

cmpirkal at.

3. CONCLUSIONS
At dr+ahmk pl’U9W- tip to 9.0 GPc aad

101S ~,~gan axbts - ● mokub lluid wh~vlbrx
tiond fr8quaMy !~ with prnure. CAM Bpc.

tra Obtdd II@ ker fl’9qwCiU that Wm ●ttmu-
mtcdh _ty-loducd ~tbn bM& could k
rnodobd u ordiauy CARS spatra, lie., m olatroak
~ .nhacomont WM hppuont, An mplrkd al

chmwd that tha k f~uancy dilftocould b, MCU-

raMy &crlbd with UXMUprumm mnd tompuatm
dqandanc., Thb M could prmumably b. ud as t
preuuro/tampustw/hqucncy cdlbrstlon staadud
in mom Illdobd axporlmcnts, ●.g., IMm h.atln~ h
● dknond-mvil cdl,
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